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458a Tuesday, February 28, 2012temperature. We have found that the temperature of a system in the absence of
urea at Tb is linearly proportional to the temperature of the same system under
low urea concentration at Tu at a slope of one. The slope of this linear corre-
spondence deviates from one at high urea concentration. In addition, the folding
route of apoflavodoxin that involves topological frustration is influenced by the
presence of urea. This in silico finding has agreed with in vitro far UV circular
dichorism data for apoazurin and cytochrome c. Thus, chemical and thermal
unfolding processes correlate in terms of thermodynamics and structural en-
sembles at most conditions, but deviations occur at high concentrations of
denaturant.
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The folding rates of two-state proteins range over six orders of magnitude: from
microseconds to seconds. These folding rates correlate with contact order,
a simple measure of the topology of the native structure. The question we
would like to answer is the following: What physical principles underlie the
correlation between folding rates and contact order? To answer this question,
we’re developing a simple master equation model based on native contacts
and loop-closure entropies. Our hypothesis is that folding proceeds mostly
through the closure of small loops, and that large loop closures are slower
and less important.
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The Trp-Cage is widely considered to be a model system to in the field of pro-
tein folding. The folded structure of the TC10b Trp-Cage miniprotein has been
experimentally shown to be more stable than that of the most commonly inves-
tigated variant, TC5b, yet remains almost unstudied in comparison. In this
study, we seek to computationally verify and understand the greater stability
of the TC10b Trp-Cage miniprotein through the use of replica exchange molec-
ular dynamics (REMD) simulations. Furthermore, we seek to compare directly
with experiment through the use of charged ends as opposed to the capped, neu-
tral ends commonly used in simulations. While the difference in amino acid se-
quences yields a greater stability for the folded structure, the additional charges
create stable charge-charge interactions for various configurations present in
the unfolded state. Furthermore, the dominant charge interactions governing
the folding kinetics differ from TC10b to TC5b. Due to these charge differ-
ences, we notice a longer equilibration time for TC10b as opposed to
TC5b.Based on this result we speculate that the folding time of TC10b is slower
than for the fast folding Tc5b sequence.
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Antibiotic overuse has resulted in an evolved class of b-lactamase (BL) pro-
teins that can hydrolyze extended spectrum antibiotics. BL, produced by bac-
teria, hydrolyzes the b-lactam ring of penicillin and chemically related
structures, thus rendering the antibiotic ineffective. NMR and MD results sug-
gest that the TEM-1 class A BL structure is quite rigid. In this study, we char-
acterize flexibility of 15 related Class A BL proteins, which includes several
extended spectrum antibiotic resistance. We employ a Distance Constraint
Model (DCM). The DCM is a computational modeling scheme that integrates
thermodynamic and mechanical descriptions to compute Quantitative Stability/
Flexibility Relationships (QSFR) of protein structure [1, 2]. QSFR results sug-
gest that rigidity is constant throughout the BL Class A family, although many
site-specific differences in flexibility and rigidity are also present. Interestingly,
our results show appreciable diversity within theU-loop, which is important for
substrate recognition and catalysis. We will attempt to correlate differences inactive-site dynamics with antibiotic resistance. Taken together, our collective
results provide a biophysical framework to characterize evolution within the
class A BL family.
[1] Jacobs, D.J., and Dallakyan, S. Elucidating protein thermodynamics from
the three-dimensional structure of the native state using network rigidity. Bio-
phys. J, 2005. 88: p. 903-15.
[2] Livesay, D.R., Dallakyan, S., Wood, G.G. and Jacobs, D.J. A flexible
approach for understanding protein stability. FEBS Lett, 2004. 576: p. 468-67.
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Jeffery Friedman discovered the human obesity gen in 1994. The expressed
hormone leptin plays a key role in regulating energy intake/expenditure
through the JAK/STAT signaling pathway. Even though, biologically, it is
a well-studied protein not much is known about the biophysical properties.
The mature protein is 146 residues (16kDa) buildup of 5 a-helixes and one sta-
bilizing disulfide bond. This disulfide bridge encloses the C-terminal cysteine
with residue 96 into a 50 residues long loop, creating a ‘so-called’ cysteine
knot.
In this research we explore the free energy landscape through structure-based
protein models (Ca- and all-atom) and experiments (CD and fluorescence).
The result shows that leptin can fold both in its reduced- and oxidized state.
Even though the oxidized protein has a non-trivial pathway, where the N-termi-
nal has to ‘thread’ through the loop to reach the native state, the folding land-
scape looks almost the same as for the reduced protein. The first event of
folding is to form the loop or horseshoe (in the reduced state) constructed of
a4 and a5 to stabilize the structure. Secondly, a3 is pulled into position: Either
by a slipknot, backing into the loop in the oxidized state or by being pulled back
to the correct conformation behind the horseshoe in the reduced state. The drag-
ging force for this slipknot event is pulled from the energetic gain of zipping a2
together with a5. The last step is to fold a1 into its native conformation in the
back of the structure between a5 and a2.
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Protein knots represent some of the most complex topologies observed in pro-
teins. Molecular dynamics simulations using simplified, structure-based, pro-
tein models have mapped the free energy landscape of trefoil knotted
proteins. This study (see figure) suggested that folding knots involves the pro-
tein terminal threading a native-like loop formed in a pre-ordered intermediate.
The structure-based protein models neglect residual energetic roughness that
may become important in exotic protein conformations such as threading poly-
peptide loops. Here, we present detailed atomic simulations of these threading
events, starting from conformations suggested by structure-based folding tra-
jectories. The simulations were performed on the Anton supercomputer using
the AMBER99SB forcefield, totaling 80 microseconds. Completed threading
events, both plugging and slipknotting, starting from pre-ordered intermediates
were observed with durations of 1 to 4
microseconds. The bulkier slipknot-
ting conformation depended on large
loop fluctuations to advance. Due to
the lack of backtracking observed,
the pre-ordered intermediates repre-
sent a significant local minimum on
the energy landscape and show that
from these intermediates knotting is
a downhill process.
[1] JK Noel et al. (2010) Slipknotting
upon native-like loop formation in
a trefoil knot protein. PNAS
